
;rstuvwe3eaba,&6Tb$k - 1  SEMICONDUCTOR STORAGE DEVICE AND INFORMATION
APPARATUS BACKGROUND OF THE INVENTION 1. FIELD OF THE INVENTION: The
present invention relates to a non-volatile 5 memory in which data is
electrically rewritable, e.g., a semiconductor storage device such as a
flash EEPROM or the like, and to an information device using the
non-volatile memory, such as a cellular phone terminal or the like. 10 2.
DESCRIPTION OF THE RELATED ART: Conventionally, in a non-volatile
semiconductor storage device (a non-volatile memory) in which data is
electrically rewritable, e. g. , a flash EEPROM, a data read 15 operation
is performed as follows: as shown in Figure 8, the same drain voltage is
applied to a memory cell RCO set at a predetermined threshold value) which
is called a "reference cell" , and to a memory cell MCO of a memory array
on which a data read operation is performed, while 20 the same gate voltage
is applied by a reference word line decoder and a normal word line decoder,
and a difference between the values of currents flowing through the memory
cells RCO and MCO is amplified by a sense amplifier S/A, and the result of
the amplification is read out as stored    - 2  data. In a conventional
method f or applying a gate voltage to a reference cell RCO, a gate voltage
is constantly 5 applied to the reference cell RCO while the supply voltage
is supplied to the storage device (see Figures 9 



through 11). In another conventional method, a gate voltage is applied to
the reference cell RCO according to an ATD signal which is activated during
the data read 10 operation (see Figures 12 through 14). Each of these
methods w111 be specifically described below. Figure 9 is a block diagram
showing an exemplary structure of a primary part of a conventional
non-volatile 15 semiconductor storage device 10. Figure 9 illustrates a
method wherein a voltage is constantly applied to each of the word lines of
reference cells RCO, RC1 and RC2 while the supply voltage is supplied to
the storage device. 20 In Figure 9, the conventional non-volatile
semiconductor storage device 10 includes: a memory cell array RA formed by
a plurality of reference cells RCO-RC2 (hereinafter, referred to as
"reference array RA" ) ; level shifters LSO and LS1, which form a word line
control   - 3  circuit for controlling the word lines of the reference
cells; a memory cell array MA (hereinafter, referred to as "memory array
MA"), which is a data storage region; a normal word line predecoder XPDEC;
a normal word line 5 decoder XDEC; a redundant word line predecoder XPRDEC;
and a redundant word line decoder XRDEC. The reference array RA includes:
the reference cell RCO used in a data read operation; the reference 10 cell
RCl used for verifying deletion of data; and the reference cell RC2 used
for verification in a data write operation . A reference cell word line
RWLO is connected to the gates of the reference cells RCO and RC1, and a
reference cell word line RWL1 is connected to the gate 



15 of the reference cell RC2. A bit line RBLO is connected to the drain of
the reference cell RCO; a bit line RBL1 is connected to the drain of the
reference cell RC1; and a bit line RBL2 is connected to the drain of the
reference cell RC2. The sources of the reference cells RCO-RC2 are 20 a11
connected to a common source line RHS. The level shifters LSO and LS1 are
powered by a node voltage HWL for word lines . The level shifter LSO
receives a reference cell selection signal SELO, and   - 4  outputs a
voltage based on the received reference cell selection signal SELO to the
reference cell word line RWLO, thereby selecting the word line RWLO. The
level shifter LSl receives a reference cell selection 5 signal SEL1, and
outputs a voltage based on the received reference cell selection signal
SEL1 to the reference cell word line RWLl,therebyselecting the word line
RWL1. The reference cell selection signals SELO and SEL1 are exclusively
activated, such that one of the signals SELO 10 and SEL1 is ON ( a . g . ,
when the supply voltage VCC is supplied to the storage device 10) while the
other is OFF. For example, when the reference cell selection signal SELO is
ON, the potential of the reference cell word line RWLO rises, whereby the
reference cell word line RWLO is 15 selected. When the reference cell
selection signal SEL1 is ON, the potential of the reference cell word line
RWL1 rises, whereby the reference cell word line RWL1 is selected. 



20 The memory array MA includes a plurality of memory cells as memory
elements arranged in a matrix along row and column directions. Herein, the
description is simplified by referring only to memory cells MCO and MC1 of
the memory array MA. A memory array normal word   - 5  line MWL is
connected to the gate of the memory cell MCO , and a memory array redundant
word line ReWL is connected to the gate of the memory cell MC1. A common
bit line MBL is connected to each of the drains of the memory cells MCO 5
and MC1, and a source line MHS is connected to each of the sources of the
memory cells MCO and MCl. The source lines RHS and MHS are generally kept
at the ground level, but controlled to be at a different level when the
storage device is in a special mode, such as a test mode or the 10 like.
For example, in a deletion mode, the source lines RHS and MHS are at a high
voltage level. A redundancy determination signal MD, an address signal ADD
and a word line enabling ATD signal SPW are 15 input to the normal word
line predecoder XPDEC. Based on these signals, the normal word line
predecoder XPDEC outputs a normal word line selection signal SX to the
normal word line decoder XDEC. 20 The normal word line decoder XDEC is
powered by the node voltage HWL for word lines . Further, the normal word
line decoder XDEC receives a normal word line selection signal SX which is
output from the normal word line predecoder XPDEC, and outputs a voltage to
a   -s predetermined memory array normal word line MWL according to the
normal word line selection signal SX, thereby selecting the predetermined
memory array normal word line MWL. 5 



The redundant word line predecoder XPRDEC receives the address signal ADD,
the word line enabling ATD signal SPW, and a redundant word line address
signal BADD. According to these signals, the redundant 10 word line
predecoder XPRDEC outputs a redundancy determination signal MD to the
normal word line predecoder XPDEC, and a redundant word line selection
signal RX to the redundant word line decoder XRDEC. 15 The redundant word
line decoder XRDEC is powered by the node voltage HWL for word lines.
Further, the redundant word line decoder XRDEC receives a redundant word
line selection signal RX which is output from the redundant word line
predecoder XPRDEC, and outputs a 20 voltage to a predetermined memory array
redundant word line ReWL according to the redundant word line selection
signal RX, thereby selecting the predetermined memory array redundant word
line ReWL.   A word line selection operation is now described with
reference to the timing chart of Figure 10, which is performed by a word
line control circuit f or the ref erence cells, a normal word line control
circuit for the memory 5 array, and a redundant word line control circuit
for the memory array when a non-redundant memory array normal word line is
selected. Figure 10 shows, from the top to the bottom of 10 Figure 10,
supply voltage VCC; the node voltage HWL for word lines; a chip enabling
signal CE# which is a control signal for activating the storage device 10;
an output enabling signal OE# which is a control signal for permitting data
output ; the word line enable ATD signal SPW 15 which is output from an
address transition detection circuit ( not shown ) ; the potential of the
reference cell word line RWLO; the normal word line selection signal SX;
the potential of the memory array normal word line MWL; and the potential
of the memory array redundant word 20 line ReWL. When both the chip
enabling signal CE# and the output enabling signal OE# are at the ground
level, a data read operation can be performed. The chip enabling signal CE#
and the output enabling signal OE# are control signals generally employed
in a semiconductor memory, and   _ g _ therefore are omitted from the block
diagram of Figure 9. In a memory in which data is electrically rewritable ,
e.g., the non-volatile semiconductor storage device 10 5 (such as a flash
EEPROM), data can be read out unless a data write command or data deletion
command is issued immediately after the supply voltage is started to be
applied. That is, the chip enabling signal CE# for activating the
semiconductor chip and the output enabling 



10 signal OE# for permitting data output from an output pad are decreased
to the ground level, whereby information stored in the memory cell MCO can
be read out. Referring to Figure 10, after the storage 15 device 10 is
powered on at time t0, the supply voltage VCC begins to rise. Thereafter,
at time tl, the node voltage HWL for word lines, which is used for reading
of data, begins to rise. 20 At this time, for the reference cell RCO, the
reference cell selection signal SELO is ON while the reference cell
selection signal SEL1 is OFF ( ground level ) , the word line RWLO of the
reference cell RCO is charged through the level shifter LSO with the node
voltage HWL   _ g for word lines (about DC 5 V). Furthermore, the bit line
RBLO is selected, and the common source line RHS of the reference cell RCO
is controlled so as to be at the ground level. This voltage-controlled
state occurs when 5 a read command is issued. At time t2 which occurs
immediately after the storage device 10 is powered on with supply voltage
VCC, the storage device 10 is in a data readable state. That 10 is, in this
state, data can be read out from the storage device 10 by decreasing the
chip enabling signal CE# and the output enabling signal OE# to the ground
level. Then, at time t3, the word line enable ATD 15 signal SPW rises in
response to the chip enabling signal CE# reaching the ground level. At time
t4, the normal word line selection signal SX rises to the supply voltage
level. 20 At time t5, the potential of the predetermined memory array
normal word line MWL rises in response to 



the rising of the normal word line selection signal SX. Note that since the
memory array redundant word line ReWL is not selected in this example, the
potential of the memory   - 10  array redundant word line ReWL remains at
the ground level . After a while, reading of data is completed, and the
word line enable ATD signal SPW falls to the ground 5 level at time t6.
Accordingly, the potential of the predetermined memory array normal word
line MWL falls to the ground level at time t7. During the above operations,
the reference cell word line RWLO of the reference cell RCO always remains
high. 10 Next, a word line selection operation is described with reference
to the timing chart of Figure 11, which is performed by a word line control
circuit for reference cells, a normal word line control circuit for memory
array, 15 and a redundant word line control circuit for memory array when a
redundant word line is selected. In Figure 11, a redundancy determination
signal MD and a redundant word line selection signal RX are considered in
addition to the various signals described above, and a redundant word 20
line is considered in place of the memory array normal word line MWL. The
operation from time tOthrough time t3 is totally the same as that described
in Figure 10, and therefore, the description thereof is herein omitted. The
following description of the word lineselection operation   - 11  begins
with time t4. As shown in Figure 11, after a while since the word line
enable ATD signal SPW has risen, the normal word line 5 selection signal SX
rises to the supply voltage level at time t4, and accordingly, the
potential of the memory array normal word line MWL beginsto rise. However,
immediately after that , a redundancy determination signal MD is issued,
and the normal word line predecoder XPDEC receives the 10 redundancy
determination signal MD and lowers the normal word line selection signal SX
back to the ground level. 



The normal word line decoder XDEC receives the lowered normal word line
selection signal SX and lowers the potential of the memory array normal
word line MWL back 15 to the ground level. Substantially at the same time
as the potential of the memory array normal word line MWL being lowered
bank to the ground level ( at time t5 ) , the redundant word 20 line
selection signal RX output from the redundant word line predecoder XPRDEC
reaches the supply voltage level. As a result , the potential of the memory
array redundant word line ReWL rises in substitution for the memory array
normal word line MWL.   - 12  In this example, the memory array normal word
line MWL is switched to the memory array redundant word line ReWL after the
potential of the memory array normal 5 word line MWL begins to rise . This
is because the normal word line predecoder XPDEC undesirably issues the
normal word line selection signal SX while the redundant word line
predecoder XPRDEC is considering whether the word lines should be switched,
and accordingly, a certain length 10 of time is required for canceling the
normal word line selection signal SX by the redundancy determination signal
MD. After reading of data is completed, the word line 15 enable ATD signal
SPW falls to a low level (GND level) at time t6. Accordingly, the redundant
word line selection signal RX falls at time t7, and as a result, the
potential of the memory array redundant word line ReWL falls to the ground
level. 



20 Figure 9 shows also the reference cell RC1 used for verifying deletion
of data and the reference cell RC2 used for verification in a data write
operation. These cells are now briefly described below.   - 13  When a data
write operation in the memory array MA is performed, a verifying operation
is performed for determining whether or not writing of data is normally 5
performed. During the verifying operation, the reference cell selection
signal SEL1 is ON (high level) whereas the reference cell selection signal
SELO is OFF ( low level ) . Meanwhile, the bit line RBL2 is selected so
that the bit line RBLO of the reference cell RCO for reading data is 10
unselected. As a result, the reference cell RC2 becomes accessible. On the
other hand, the common source line RHS is at the ground level, and the node
voltage HWL for word lines is increased to, e.g., about 6 V, so as to
perform a verifying operation. 15 In the case where a delete operation is
performed on the memory array MA, a verifying operation is performed for
determining whether or not the deletion operation has been normally
completed. In this case, the reference cell 20 selection signal SELO is ON
(high level) whereas the reference cell selection signal SEL1 is OFF ( low
level ) . As a result, the bit line RBLl is selected so that the reference
cell RC1 for verifying deletion of data becomes accessible. On the other
hand, the common source line RHS   - 14  is at the ground level as in the
write verifying operation, and the node voltage HWL for word lines is
increased to, e.g. , about 5 V, so as to perform a verifying operation. 5
Figure 12 is a block diagram showing another exemplary structure o,f a
primary part of a conventional non-volatile semiconductorstorage device 11.
Figure Z2 illustrates a method wherein a voltage is applied to a reference
cell word line RWL of a reference cell RC 10 according to the word line
enable ATD signal SPW which is activated during a data read operation. In
Figure 12, the conventional non-volatile semiconductor storage device 11
includes: a memory cell 15 array RA including a reference cell RC
(hereinafter, referred to as "reference array RA"); a reference word line
control circuit CU; a memory cell array MA (hereinafter, referred to as
"memory array MA"), which is a data storage region; a normal word line 



20 predecoder XPDEC; a normal word line decoder XDEC; a redundant word line
predecoder XPRDEC; and a redundant word line decoder XRDEC. The arrangement
of the memory array normal word line MWL, a circuit system for selectively
controlling the memory array redundant word   - 15  line ReWL, and the
circuit structure of the memory array MA, and operations thereof , are the
same as those in the non-volatile semiconductor storage device 10 shown in
Figure 9, and therefore, descriptions thereof are herein 5 omitted. The
reference array RA includes the reference cell RC used for reading data. A
reference cell word line RWL is connected to the gate of the reference cell
RC; 10 a bit line RHL is connected to the drain of the reference cell RC;
and a source line RHS is connected to the source of the ref erence cell RC
. The source line RHS is generally kept at the ground level, but controlled
to be at a different level when the storage device is in a special mode,
such 15 as a test mode or the like. For example, in a deletion mode, the
source line RHS is at a high voltage level. Herein, although only the
reference cell RC for reading data is shown in Figure 12, reference cells
used for writing of data or a deletion verifying processing may be provided
20 in other ref erence arrays , or may be provided in the reference array
RA of Figure 12 together with other reference word lines or the like.
Herein, the description is focused on the reference cell RC for reading
data, and descriptions about the reference cells used for writing   - 16
of data or in a deletion verifying processing, and interconnections for
controlling these reference cells and control circuits used therewith, are
omitted. 5 The reference word line control circuit CU is powered with the
node voltage HWL for word lines. The reference word line control circuit CU
controls the potential of the reference cell word line RWL. The reference
word line control circuit CU receives the word 10 line enable ATD signal
SPW which is issued when data is read out and a test word line selection
signal SD for 



selectively controlling the reference cell word line RWL in a forcible
manner during the test mode. The reference word line control circuit CU
outputs a voltage to a 15 predetermined reference cell word line RWL based
on the above signals, thereby selecting the predetermined reference cell
word line RWL. Now, a word line selection operation is described 20 with
reference to the timing chart of Figure 13, which is performed by a word
line control circuit f or the ref erence cells, a normal word line control
circuit for the memory array, and a redundant word line control circuit for
the memory array when a non-redundant normal word line is   - 17  selected.
As in Figure 10, Figure 13 shows, from the top to the bottom of Figure 13,
supply voltage VCC; the node 5 voltage HWL for word lines; a chip enabling
signal CE# which is an input control signal for enabling a read or write
operation in the storage device 10 (the storage device 10 can be operated
when the chip enabling signal CE# is at the ground level); an output
enabling signal OE# 10 (data can be read out when the output enabling
signal OE# is at the ground level ) ; the word line enable ATD signal SPW ;
the potential of the reference cell word line RWL; the normal word line
selection signal SX; the potential of the memory array normal word line
MWL; and the potential 15 of the memory array redundant word line ReWL.
Referring to Figure 13, after the storage device 11 is powered on at time
t0, the supply voltage VCC begins to rise. Thereafter, at time tl, the node
20 voltage HWL for word lines, which is used for reading of 



data, begins to rise. At time t2, the non-volatile semiconductor storage
device 11 ( a . g . , f lash EEPROM or the like ) is in   - 18  5 a data
readable state immediately after it is powered ON. That is, in this state,
a data read operation can be carried out by decreasing the chip enabling
signal CE# to the ground level. Then, at time t3, the word line enable ATD
signal SPW rises in response to the falling of the chip enabling signal
CE#. In response to the rising of the word line enable ATD signal SPW, the
reference cell word 10 line RWL is charged with the node voltage HWL for
word lines at time t4, and at the same time, the normal word line
predecoder XPDEC issues the normal word line selection signal SX. 15 At
time t5, the normal word line pre decoder XDEC raises the potential of the
memory array normal word line MWL according to an output of the normal word
line selection signal SX. Note that the potential of the memory array
normal word line MWL rises with a slight delay behind 20 the rising of the
reference cell word line RWL due to a decoding operation. After a while,
reading of data is completed, and the word line enable ATD signal SPW falls
to the ground  



- 19  level at time t6. Accordingly, the reference cell word line RWL and
the memory array normal word line MWL fall to the ground level at time t7.
5 Next, a word line selection operation is described with reference to the
timing chart of Figure 14, which is performedbyawordline control circuit
for the reference cells, a normal word line control circuit for the memory
array, and a redundant word line control circuit for the 10 memory array
when a redundant word line is selected. In Figure 1.4, a redundancy
determination signal MD and a redundant word line selection signal RX are
considered in addition to the various signals described above, and a
redundant word line is considered in place of the memory 15 array normal
word line MWL. The operation from time t0 through time t3 is totally the
same as that described in Figure 13, and therefore, the description thereof
is herein omitted. The following description of the word line selection
operation begins with time t4. 20 As shown in Figure 13, after a while
since the word line enable ATD signal SPW has risen, the normal word line
selection signal SX rises to the supply voltage level at time t4 , and
accordingly, the potential of the memory array   - 20  normal word line MWL
begins to rise. However, immediately after that, a redundancy determination
signal MD is issued, and the normal word line selection signal SX decreases
back to the ground level in response to the redundancy 5
determinationsignal MD at time t5. Further, in response to the decrease of
the normal word line selection signal SX to the ground level, the potential
of the memory array normal word line MWL decreases back to the ground
level. 10 Substantially at the same time as the decrease in the potential
of the memory array normal word line MWL to the ground level ( at time t 5
) , the redundant word line selection signal RX rises to the supply voltage
level. As a result, the potential of the memory array redundant 



15 word line ReWL rises in substitution for the memory array normal word
line MWL. The reason why the memory array normal word line MWL slightly
pulses between time t4 and time t5 is the same as that described in
connection with the example illustrated in Figure 11. 20 After reading of
data is completed, the word line enable ATD signal SPW falls to a low level
at time t6. Accordingly, the redundant word line selection signal RX and
the potential of the reference cell word line RWL fall   - 21  to the
ground level at time t 7 , and as a result , the potential of the memory
array redundant word line ReWL falls to the ground level. 5 The trend in
the field of semiconductor storage devices in recent years indicates that
the supply voltage level applied to a semiconductor storage device has been
decreasing. However, on the other hand, an increase in the speed of reading
of stored information from a memory 10 cell has been demanded. For example,
in the conventional non-volatile semiconductor storage device 11, reading
of stored information (data) from the memory cell can be carried out as
follows: the same voltage is applied to the reference cell RC and a memory
cell MCO from which 15 data is to be read out, and a difference between the
values of currents flowing through the memory cells RC and MCO is sensed by
a sense amplifier S/A, which is formed by a differential amplifier, whereby
reading of data is achieved. 20 In such a case, a risk of erroneous reading
of data can be avoided by starting a sensing operation after a word line of
a ref erence array and a word line f or a memory array reach a
predetermined voltage. However, in many   - 22  cases, a reduction in read
access time cannot be achieved because of the latency required until the
word line of the reference array and the word line for the memory array
reach a desired voltage . Thus , in almost a11 of such oases , 5 the sense
amplifier S/A is activated so as to begin a sensing operation bef ore both
of the above word lines reach a desired voltage, whereby an increase in
access speed is achieved. However, in the conventional art of Figures 9 10
and 12, the potential of the reference cell word line RWL rises prior to
the rising of the potential of the memory array normal word line MWL. This
causes some problems, which will be described in detail below with
reference to Figures 15 through 17. 15 In Figure 15, the left part shows a
reference cell RC of a non-volatile memory such as a flash memory, and the
right part shows a memory cell MC of the non-volatile memory. As shown in
Figure 15, a gate voltage VgsR, which 20 is applied to the reference cell
RC, is equivalent to a 



voltage output to a reference cell word line RWLO of Figure 9, and is also
equivalent to a voltage output to a reference cell word line RWL of Figure
12. A current IdsR flows between a drain and source of the   - 23  ref
erence cell RC . On the other hand, a gate voltage VgsM, which is applied
to the memory cell MC, is equivalent to a voltage output to the memory
array normal word line MWL or the memory array redundant word line ReWL of
Figures 9 5 and 12. A current IdsM flows between a drain and source of the
reference sell MC. Figure 16 shows a graph of the voltage levels VgsR and
VgsM of the word lines during reading of data from 10 the memory cells RC
and MC, where the horizontal axis represents time t, and the vertical axis
represents voltage level V. In this graph, t(a) represents the time when a
sensing operation starts (hereinafter, "sensing start time" ) , and t ( b )
represents the time when both the 15 voltage level of the reference cell
word line RWL of the memory cell RC and the voltage level of the memory
array normal word line MWL of the memory cell MC ( or the memory array
redundant word line ReWL) reach a predetermined voltage level. At sensing
start time t(a), the voltage 20 level VgsR of the word line of the
reference cell RC is at the predetermined volt age level in either of the
examples of Figures 9 and 12. Part (a) of Figure 17 shows the relationships
- 24  between the gate voltages Vgs applied to the gate electrodes of the
reference cell RC and the memory cell MC (horizontal axis) and the currents
Ids which flow between the source and drain of the cells RC and MC
(vertical axis ) , 5 respectively, at time t ( a ) of Figure 16 , i . a . ,
before the potential of the memory array normal word line MWL or the memory
array redundant word line ReWL which was set in Figure 16 reaches the
predetermined voltage. 10 Part (b) of Figure 17 shows the relationships
between the gate voltages Vgs (horizontal axis) and the currents Ids which
flow between the source and drain of the cells RC and MC (vertical axis),
respectively, at time t ( b ) of Figure 16 , i . a . , of ter the potential
of the 15 memory array normal word line MWL or the memory array redundant
word line ReWL which was set in Figure 16 has reached the predetermined
voltage. In the case where the amount of a current flowing 20 through the
memory cell MC, from which data is read out, is larger than that flowing
through the reference cell RC, i . a . , in the case where the threshold of
the memory cell MC is lower than that of the reference cell RC, reading of
data from the memory cell MC is adversely affected. This   - 25  case is
described below. 



Immediately after the sensing start time t(a) shown in Figure 16 , the
voltage VgsR of the ref erence cell 5 word line RWL which is applied to the
reference cell RC is generally at the predetermined voltage. However, on
the other hand, the gate voltage VgsM of the memory array normal word line
MWL ( or the memory array redundant word line ReWL) applied to the gate of
the memory cell MC, from 10 which data is to be read, is lower than the
word line voltage VgsR applied to the reference cell RC (t(a); VgsR>VgsM).
In thiscase,the difference AIds(a)between the current IdsR flowing through
the reference cell RC and the current IdsM flowing through the memory cell
MC 15 becomes as small as possible as shown in part (a) of Figure 17. Thus,
there is a possibility that the difference cannot be correctly sensed by
the sense amplifier S/A so that the storage device results in an erroneous
operation, e.g., unintended data is read out. 20 On the other hand, at time
t ( b ) shown in Figure 16 , both the word line voltage VgsR applied to the
gate of the reference cell RC and the word line voltage VgsM applied to the
gate of the memory cell MC, from which data   - 26  is to be read, are at
the same predetermined voltage ( t ( b ) ; VgsR=VgsM). In thiscase,the
difference AIds(b)between the current IdsR flowing through the reference
cell RC and the current IdsM flowing through the memory cell MC 5 is
sufficiently large so that it can be correctly sensed by the sense
amplifier S/A. As a result, intended data can be read out without causing
an erroneous operation. However, if unintended data is once output 10
immediately after the sensing start time ( time t ( a ) ) , in many cases,
extra time is consumed until intended data is successfully output. This
extra time is considerably long especially when a redundant word line is
selected, because as described above, a certain length of time is 15
required for switching from a normal word line to the redundant word line. 



SUMMARY OF THE INVENTION 20 According to one aspect of the present
invention, a semiconductor storage device includes: a memory array
including a plurality of memory cells; a reference array including a
plurality of reference cells ; a decoder section for selecting a memory
cell from the memory cells and a   - 27  reference cell from the reference
cells based on address information; and a comparison/output sectionfor
comparing a read voltage level from the memory cell selected by the decoder
section and a read voltage level from the reference 5 cell selected by the
decoder section so as to output a result of the comparison in the form of
data, wherein the decoder section simultaneously outputs a selection signal
to a word line of the memory cell and a selection signal to a word line of
the reference cell. 10 In one embodiment of the present invention, the
memory array includes one or more memory cells respectively connected to a
normal word line, and one or more memory cells respectively connected to a
redundant word line; 15 and the reference array includes a first reference
cell which is compared with the memory cells connected to the normal word
line, and a second reference cell which is compared with the memory cells
connected to the redundant word line. 20 In another embodiment of the
present invention, when the normal word line is selected, the decoder
section selects a first word line connected to the first reference cell
simultaneouslywith selection of the normal word line;   - 28  and when the
redundant word line is selected, the decoder section selects a second word
line connected to the second reference cell simultaneously with selection
of the redundant word line. 5 In still another embodiment of the present
invention, the decoder section includes: a selection determination section
for determining which of the normal word line and the redundant word line
is to be selected 10 based on address information; a normal word line
control 



section for selecting the normal word line according to the address
information when it is determined that the normal word line is to be
selected; a redundant word line control section for selecting the redundant
word line 15 according to the address information when it is determined
that the redundant word line is to be selected; a first reference word line
control section for selecting the first word line when it is determined
that the normal word line is to be selected; and a second reference word
line control 20 section for selecting the second word line when it is
determined that the redundant word line is to be selected. In still another
embodiment of the present invention, when it is determined that the normal
word line   - 29  is to be selected, the first reference word line control
section receives a selection signal for the normal word line or a signal
indicating that the normal word line is to be selected, and selects the
first word line, using 5 as a trigger, the selection signal for the normal
word line or the signal indicating that the normal word line is to be
selected; and when it is determined that the redundant word line is to be
selected, the second reference word line control section receives a
selection signal for 10 the redundant word line or a signal indicating that
the redundant word line is to be selected, and selects the second word
line, using as a trigger, the selection signal for the redundant word line
or the signal indicating that the redundant word line is to be selected. 15
In still another embodiment of the present invention, a first test signal
can be input to the first reference word line control section, and the
first reference cell is enforcedly selected in response to the 20 first
test signal; and a second test signal can be input to the second reference
word line control section, and the second reference cell is enforcedly
selected in response to the second test signal.   



- 30  In still another embodiment of the present invention, an address
transition detection signal, which is output in response to detection of a
change in the address information, can be input to both the first reference
word 5 line control section and the second reference word line
controlsection; and when the addresstransition detection signal is input,
control of reference word lines can be performed. 10 In still another
embodiment of the present invention, the first reference cell and the
second reference cell are set to the same threshold value. In still another
embodiment of the present 15 invention, the first reference cell and the
second reference cell are commonly connected to the same bit line. In still
another embodiment of the present invention, the load capacitance of a
first word line 20 connected to the first reference cell and the load
capacitance of a second word line connected to the second reference cell
are equal to the load capacitance of the normal word line and the load
capacitance of the redundant word line, respectively. Alternatively, the
load   - 31  capacitances of the first word line, the second word line, 



the normal word line and the redundant word line may be equal. 5 According
to another aspect of the present invention, there is provided an
information apparatus for performing a data read operation using one of the
above semiconductor storage devices. 10 An operation of the above-described
structure of the present invention is described below. In the case of
reading data from a desired memory cell, if a normal word line, which is
not a redundant word 15 line, is selected, the potential of the word line
of a reference array rises simultaneously with and in synchronization with
a selection signal for selecting the normal word line of the memory array.
Alternatively, if the redundant word line is selected, the potential of the
20 word line of a reference array likewise rises simultaneously with and in
synchronization with a selection signal for selecting the redundant word
line of the memory array.   - 32  Since the potential of the word line of
the reference cell and the potential of the word line of the memory cell,
from which data is to be read, rise simultaneously insynchronization with
each other. Thus, 5 in the case of reading data from the memory cell, it is
not necessary to wait for both of the word lines reaching a predetermined
voltage level. As a result, a read access time can be further shortened
without causing an erroneous operation. Due to such an improvement of the
data reading 



10 speed, a considerable sensing margin can be secured. Further, the load
capacitances of the first and second word lines of the reference array are
identical to those of the normal word line and redundant word line 15 of
the memory array, respectively. Thus, the rising edges of the potentials of
the word lines occur at the same time, and accordingly, a read access time
can be further shortened without causing an erroneous operation. 20
Furthermore,asemiconductorstorage device of the present invention can
readily be applied to an information apparatus. Thus, in a data read
operation, high-speed data reading can be achieved.   - 33  Thus, the
invention described herein makes possible the advantages of providing ( 1 )
a semiconductor storage device wherein a read access time can be shortened
without causing an erroneous operation, and (2) an 5 information apparatus
using such a semiconductor storage device. These and other advantages of
the present invention will become apparent to those skilled in the art upon
reading 10 and understandingthe following detailed description with
reference to the accompanying figures. BRIEF DESCRIPTION OF THE DRAWINGS 15
Figure 1 is a block diagram showing an exemplary basic structure of a
non-volatile semiconductor storage device according to an embodiment of the
present invention . 



Figure 2 is a block diagram showing an exemplary 20 specific structure of
the non-volatile semiconductor storage device of Figure 1. Figure 3 is a
circuit diagram showing a specific example of the reference word line
control circuit used   - 34  for selection of normal word lines and the
reference word line control circuit used for selection of redundant word
lines of Figure 2. 5 Figure 4 is a circuit diagram showing another specific
example of the reference word line control circuit used for selection of
normal word lines and the reference word line control circuit used for
selection of redundant word lines of Figure 2. 10 Figure 5 is a block
diagram showing a primary part of a memory array word line control circuit
and a reference array word line control circuit of the non-volatile
semiconductor storage device of Figure 2. 15 Figure 6 is a timing chart
illustrating a word line selection operation when a normal word line is
selected in the non-volatile semiconductor storage device of Figure 2. 20
Figure 7 is a timing chart illustrating a word line 



selection operation when a redundant word line is selected in the
non-volatile semiconductor storage device of Figure 2.   - 35  Figure 8 is
a block diagram showing an exemplary basic structure of a conventional
non-volatile semiconductor storage device. 5 Figure 9 is a block diagram
showing an exemplary specific structure of a conventional non-volatile
semiconductor storage device. 10 Figure 10 is a timing chart illustrating a
word line selection operation when a non-redundant, memory array normal
word line is selected in the non-volatile semiconductor storage device of
Figure 9. 15 Figure 11 is a timing chart illustrating a word line selection
operation when a redundant word line is selected in the non-volatile
semiconductor storage device of Figure 9. 20 Figure 12 is a block diagram
showing another exemplary specific structure of a conventional non-volatile
semiconductor storage device. Figure 13 is a timing chart illustrating a
word   - 36  line selection operation when a non-redundant, memory array
normal word line is selected in the non-volatile semiconductor storage
device of Figure 12. 5 Figure 14 is a timing chart illustrating a word line
selection operation when a redundant word line is selected in the
non-volatile semiconductorstorage device of Figure 12. 10 Figure 15 shows
the control voltage and driving 



current in each of a reference cell and a memory cell during a data read
operation. Figure 16 illustrates a sensing timing with 15 respect to the
rising of the potential of a reference cell word line and the potential of
a memory array normal word line (or a memory array redundant word line).
Figure 17 shows the currents flowing through a 20 memory cell and a
reference cell at time t ( a ) in Figure 16 (part (a) of Figure 17) and at
time t(b) in Figure 16 (part (b) of Figure 17). Figure 18 is a block
diagram showing a basic   - 37  structure of an information apparatus
including a semiconductor storage device of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS 5 Hereinafter, embodiments of the
present invention will be described with reference to the drawings . In an
example described below, the present invention is applied to a non-volatile
semiconductor device used in an 10 information apparatus. Figure 1 is a
block diagram showing an exemplary basic structure of a non-volatile
semiconductor storage device according to an embodiment of the present
invention . 15 In Figure 1, the non-volatile semiconductor storage device
20 includes : a memory cell array RA having a plurality of reference cells
RCO and RC1 (hereinafter, referred to as a "reference array RA"); a memory
cell 20 array MA (hereinafter, referred to as a "memory array MA" ) which
is a data storage region and is a main array of the storage device 20; a
comparison/output section 21, such as a sense amplifier S/A formed by a
differential amplifier; and a decoder section 22 for selecting   - 38  



predetermined memory cell and reference cell based on an input address
signal ADD. In the reference array RA, at least two reference 5 cell word
lines used for reading data from the reference array RA, a . g . , the word
lines RWLO and RWL1, are provided. The reference cell word line RWLO and
RWL1 are connected to reference cells RCO and RC1, respectively. The
reference cells RCO and RC1 are commonly connected to the 10 bit line RBL
and have the same threshold value . The reference cell word line RWLO is
activated when a non-redundantmemory array normal word line MWL(described
later ) of the memory array MA is selected, and the reference cell word
line RWL1 is activated when a memory array 15 redundant word line ReWL
(described later) of the memory array MA is selected. The memory array MA
forms an information storage region and generally includes a plurality of
memory 20 cells MC as storage elements arranged in a matrix along the row
and column directions. Herein, only a memory cell MCO for data storage and
a redundant memory cell MC1 which is provided for substituting the memory
cell MCO are illustrated for the simplicity of description.   - 39  The
memory array normal word line MWL is connected to the gate of the memory
cell MCO, and the memory array redundant word line ReWL is connected to the
gate of the memory cell MC1. The drains of the memory cells MCO and MC1 are
5 commonly connected to a bit line MBL. The comparison/output section 21
compares the read voltage (or current) level of the memory cell MCO ( or
MC1 ) selected by the decoder section 22 with the read 10 voltage (or
current) level of the reference cell RCO (or RC1) selected by the decoder
section 22, and outputs data which represents a result of the comparison.
Specifically, the sense amplifier S/A, for example, 



applies the same gate voltage to both the memory cell MCO 15 ( or MC1 ) and
the reference cell RCO ( or RC1 ) selected by the decoder section 22, and
amplifies a difference between the values of the electric currents flowing
through the memory cell MCO (or MC1) and the reference cell RCO ( or RC1 )
, and outputs the result of amplification in the 20 form of data. In the
case of selecting the memory array normal word line MWL, the decoder
section 22 selects the reference cell word line RWLO (first word line)
connected   - 40  to the ref erence cell RCO , together with the memory
array normal word line MWL. In the case of selecting the memory array
redundant word line ReWL, the decoder section 22 selects the reference cell
word line RWL1 (second word 5 line) connected to the reference cell RC1,
together with the memory array redundant word line ReWL . That is , the
decoder section 22 simultaneously and synchronously outputs selection
signals to both the word lines MWL and RWLO (or ReWL and RWL1) of the
memory cell MCO (or 10 MC1) and the reference cell RCO (or RC1) so as to
raise the word line potentials , such that the timings of reading of data
from the memory cell MCO (or MC1 ) and the reference cell RCO (or RC1) are
concurrent and synchronous. 15 Thus, since the timings of reading of data
from the memory cell MCO (or MC1) and the reference cell RCO (or RC1) are
synchronized, it is not necessary for the reading of data from the memory
cell MCO ( or MC1 ) to consume extra time until when both the potentials of
the word 20 lines MWL and RWLO (or ReWL and RWL1) reach a predetermined
voltage level, which is required in a conventional device. Further, a data
read operation can be performed without causing an erroneous operation even
when both the potentials of the word lines are rising,  



- 41  whereby the read access time is shortened. A specific example of a
non-volatile semiconductor storage device 20 according to the present
invention is 5 now described with reference to Figures 2 through 7. Figure
2 is a block diagram showing an exemplary specific structure of the
non-volatile semiconductor storage device 20 of Figure 1. 10 In Figure 2, a
non-volatilesemiconductorstorage device 30, which is an exemplary specific
structure of the non-volatile semiconductor storage device 20, includes: a
reference array RA, a memory array MA, an 15 address transition detection
circuit ATD, a normal word line predecoder XPDEC, a normal word line
decoder ( normal word line control section) XDEC, a normal word line
selection signal transition detection circuit XREGS, a redundant word line
predecoder XPRDEC, a redundant word 20 line decoder(redundant word line
controlsection) XRDEC, a redundant word line selection signal transition
detection circuit XREDS, a bit line decoder YDEC) switching sections YSM
and YSR (hereinafter "bit line selection transistors YSM and YSR" ) , a
sense amplifier S/A   - 42  as the comparison/output section 21 (Figure 1),
a reference word line control circuit RREGU used for selection of normal
word lines ( first reference word line control section), and a reference
word line control 5 circuit RREDU used for selection of redundant word
lines ( second reference word line control section ) . The decoder section
22 of Figure 1 is formed by the following elements shown in Figure 2 : the
normal word line predecoder XPDEC , the normal word line decoder (normal
word line control 10 section) XDEC, the normal word line selection signal
transition detection circuit XREGS, the redundant word line predecoder
XPRDEC, the redundant word line decoder (redundant word line
controlsection) XRDEC,the redundant word line selection signal transition
detection circuit 



15 XREDS, the bit line decoder YDEC, the bit line selection transistors YSM
and YSR, the reference word line control circuit RREGU used for selection
of normal word lines, and the reference word line control circuit RREDU
used for selection of redundant word lines. 20 In the reference array RA, a
reference cell word line (first word line) RWLO is connected to the gate of
the reference cell (first reference cell) RCO, and a reference cell word
line (second word line) RWL1 is   - 43  connected to the gate of the
reference cell (second reference cell) RC1. A bit line RBL iscommonly
connected to the drains of the reference cell RCO and RC1, and a source
line RHS is commonly connected to the sources of 5 the reference cell RCO
and RC1. In the memory array MA, a memory array normal word line MWL is
connected to the gate of the memory cell MCO , and a memory array redundant
word line ReWL is connected 10 to the gate of the memory cell MC1. A bit
line MBL is commonly connected to the drains of the memory cell MCO and
MC1, and a source line MHS is commonly connected to the sources of the
memory cell MCO and MC1. The source lines RHS and MHS are generally
maintained at a ground 15 level, but controlled to be at a different level
when the storage device is in a special mode, such as a test mode or the
like. For example, in a deletion mode, the source lines RHS and MHS are at
a high voltage level. 20 The load capacitances of the reference cell word
lines RWLO and RWL1, the memory array normal word line MWL , and the memory
array redundant word line ReWL are set to the same ( or substantially the
same ) load capacitance such that the rising times of the potentials of
these word lines   - 44  becomes equal. The address transition detection
circuit ATD 



receives an address signal ADD and a chip enable signal CE# . 5 The address
transition detection circuit ATD has a plurality of address signal lines .
When at least one of the address signal lines transitions (i.e., when the
address signal ADD is input), or when the chip enable signal CE# decreases
to the ground level, a required pulse 10 signal, e.g., a word line enable
ATD signal SPW, which is also an address transition detection signal, is
output to the normal word line predecoder XPDEC, the redundant word line
predecoder XPRDEC, the reference word line control circuit RREGU used for
selection of normal word 15 lines, and the reference word line control
circuit RREDU used for selection of redundant word lines . Further, the
address transition detection circuit ATD outputs a sense amplifier enable
signal SAEN, as another required pulse signal, to the sense amplifier S/A.
20 The normal word line predecoder XPDEC receives the address signal ADD
and the word line enable ATD signal SPW as well as a redundancy
determination signal MD. When the normal word line predecoder XPDEC
receives the word   - 45  line enable ATD signal SPW but does not receive
the redundancy determination signal MD, the normal word line predecoder
XPDEC outputs a normal word line selection signal SX based on the received
address signal ADD to the 5 normal word line decoder XDEC and the normal
word line selection signal transition detection circuit XREGS. The normal
word line decoder XDEC is powered by a node voltage HWL for word lines. The
normal word line 10 decoder XDEC receives the normal word line selection
signal SX from the normal word line predecoder XPDEC, and outputs a voltage
to a predetermined memory array normal word line MWL ( raises the potential
of the word line MWL ) according to the normal word line selection signal
SX, 



15 thereby selecting the predetermined memory array normal word line MWL.
The redundant word line predecoder XPRDEC receives the address signal ADD,
the word line enabling 20 ATD signal SPW, and a redundant word line address
signal BADD. The redundant word line predecoder XPRDEC performs redundancy
determination based on the address signal ADD, and outputs a redundancy
determination signal MD to the normal word line predecoder XPDEC, and   -
46  a redundant word line selection signal RX to the redundant word line
decoder XRDEC and the redundant word line selection signal transition
detection circuit XREDS. 5 The redundant word line predecoder XPRDEC and
the normal word line predecoder XPDEC forms a selection determination
section. The selection determination section determines based on the
address signal ADD which of the predetermined memory array normal word line
MWL 10 and the memory array redundant word line ReWL is to be selected. For
example, accordingto this embodiment, the redundant word line predecoder
XPRDEC determines based on the address signal ADD whether or not a memory
array normal word line MWL selected based on the normal word 15 line
selection signal 5X from the normal word line predecoder XPDEC needs to be
replaced with the predetermined memory array redundant word line ReWL, and
only when such replacement is necessary, the redundant word line predecoder
XPRDEC issues a redundancy 20 determination signal MD to the normal word
line predecoder XPDEC. In response to the redundancy determination signal
MD from the redundant word line predecoder XPRDEC, the normal word line
predecoder XPDEC cancels the output of the normal word line selection   -
47  signal SX. On the other hand, the redundant word line predecoder XPRDEC
outputs a redundant word line selection signal RX for selecting the memory
array redundant word line ReWL. 5 The redundant word line decoder XRDEC is
powered by the node voltage HWL for word lines. Further, the redundant word
line decoder XRDEC receives a redundant word line selection signal RX from
the redundant word line 10 predecoder XPRDEC, and outputs a voltage to a
predetermined memory array redundant word line ReWL (raises the potential
of the word line ReWL) according 



to the redundant word line selection signal RX, thereby selecting the
predetermined memory array redundant word 15 line ReWL. One output terminal
of the bit line decoder YDEC is connebted to a bit line selection gate line
RYSEL for reference array. The bit line selection gate line RYSEL 20 is
connected to a gate electrode of the bit line selection transistor YSR. The
other output terminal of the bit line decoder YDEC is connected to a bit
line selection gate line MYSEL for memory array. The bit line selection
gate line MYSEL is connected to a gate electrode of the bit   - 48
lineselectiontransistor YSM. The bit line decoder YDEC performs a decode
operation for selecting any reference array bit line RBL and any memory
array bit line MBL based on the input address signal ADD. 5 The bit line
selection transistors YSR and YSM select, based on a selection signal from
the bit line decoder YDEC, any of a plurality of bit lines RBL in the
reference array RA and any of a plurality of bit lines MBL 10 in the memory
array MA, whereby connecting the selected bit lines RBL and MBL
respectively to the input terminals of the sense amplifier S/A. That is,
the bit line selection transistor YSR connects an end of any of the bit
lines RBL of the reference array RA to one of the input 15 terminals of the
sense amplifier S/A. The bit line selection transistor YSM connects an end
of any of the bit lines MBL of the memory array MA to the other input
terminal of the sense amplifier S/A. 20 The sense amplifier S/A is
activated in response to receipt of the sense amplifier enable signal SAEN
from the addresstransition detection circuit ATD, and outputs a result of a
sensing operation through a line SAOUT. That is, the sense amplifier S/A
amplifies a difference between   - 49  the values of the electric currents
flowing through the memory cell MCO (or MC1) and the reference cell RCO (
or RC1 ) , and outputs the result of amplification in the form of data. 5
The reference word line control circuit RREGU used for selection of normal
word lines receives: the node voltage HWL for word lines; the word line
enabling ATD signal SPW; a test control signal STEN; a normal word line 10
selection control signal SDM for controlling the memory array normal word
line MWL of the memory array MA; and a test word line selection signal SDO,
which is an enforced selection signal used in a test . The reference word
line control circuit RREGU, which will be described later in 



15 detail with reference to Figures 3 and 4, raises the potential of the
reference cell word line RWLO based on the normal word line selection
control signal SDM which is input when a non-redundant memory array normal
word line MWL of the memory array MA is selected, so as to select 20 the
reference cell word line RWLO. The reference word line control circuit
RREDU used for selection of redundant word lines receives : the node
voltage HWL for word lines; the word line enabling ATD   - 50  signal SPW;
the test control signal STEN; a redundant word line selection control
signal SDR for controlling the memory array redundant word line ReWL of the
memory array MA; and a test word line selection signal SD1, which 5 is
another enforced selection signal used in a test . The reference word line
control circuit RREDU, which will be described later in detail with
reference to Figures 3 and 4, raises the potential of the reference cell
word line RWL1 based on the redundant word line selection control 10 signal
SDR which is input when the memory array redundant word line ReWL of the
memory array MA is selected, so as to select the reference cell word line
RWL1. Specific structures of the reference word line 15 control circuit
RREGU used for selection of normal word lines and the reference word line
control circuit RREDU used for selection of redundant word lines are
described below. Further, a method for selecting a reference word line in a
data read operation and in a test operation 20 according to the present
invention is also described. Figure 3 is a circuit diagram showing a
specific example ( inverter-type word line driver ) of the reference word
line control circuit RREGU and the reference word   - 51  line control
circuit RREDU of Figure 2. In Figure 3, the upper part in the broken line
box represents the reference word line control circuit R,REGU1 5 used for
selection of normal word lines, and the lower part in the broken line box
represents the reference word line control circuit RREDU1 used for
selection of redundant word lines. 10 The reference word line control
circuit RREGU1 used for selection of normal word lines is formed by an
inverter C0, an AND logical circuit C1, a P-type transistor P0, N-type
transistors NO-N3, and a word line drive inverter DRVO. 15 As in the
reference word line control circuit RREGU1, the reference word line control
circuit RREDU1 used for selection of redundant word lines is formed by an
inverter CO' , an AND logical circuit C1' , 20 a P-type transistor PO',
N-type transistors NO'-N3', and a word line drive inverter DRVl. The
resistance of the P-type transistor PO ( or PO' ) is set to a very high
resistance value. When a11 of the 



- 52  N-type transistors NO-N2 (or NO'-N2') which are serially connected to
the drain side of the P-type transistor PO (or PO') are ON, or when only
the N-type transistor N3 (or N3') is ON, an input node SXO (or SX1) of the
word 5 line drive inverter DRVO (or DRV1) is decreased to the ground level,
and the potential of the reference cell word line RWLO ( or RWL1 ) rises .
Note that reference marks in parentheses denote elements used when the
reference word line control circuit RREDU1 used for selection of 10
redundant word lines is activated. Each of the reference word line control
circuit RREGU1 used for selection of normal word lines and the reference
word line control circuit RREDU1 used 15 for selection of redundant word
lines receives the node voltage HWL for word lines, the test control signal
STEN, and the word line enabling ATD signal SPW. The reference word line
control circuit RREGU1 used for selection of normal word lines further
receives the test word line 20 selection signal (first test signal) SDO and
the normal word line selection control signal SDM. The reference word line
control circuit RREDU1 used for selection of redundant word lines further
receives the test word line selection signal (second test signal) SD1 and
the   



- 53  redundant word line selection control signal SDR. In the above
structure, the test control signal STEN is zero (low level) when data is
read from 5 a memory cell . Due to the AND logical circuit C7. ( or C1' ) ,
the N-type transistor N3 (or N3') is OFF regardless of the output state of
the test reference word line selection signal SDO (or SDl). On the other
hand, the N-type transistors NO and NO' are ON due to the operation of the
10 inverters CO and CO'. The word line enabling ATD signal SPW is at a high
level ( supply voltage level ) when data is read from a memory cell, and
therefore, both the N-type transistors Nl and N1' are ON. 15 When the
memory array normal word line MWL is selected, the normal word line
selection control signal SDM is at high level, and therefore, the N-type
transistor N2 is ON. Thus, when a11 of the N-type transistors NO-N2 are ON,
the node SXO is decreased to 20 the ground level, and a selection signal is
output from the word line drive inverter DRVO to the reference cell word
line RWLO, whereby the potential of the reference cell word line RWLO
rises.   - 54  Alternatively, when the memory array redundant word line
ReWL is selected, the redundant word line selection control signal SDR is
at high level, and therefore, the N-type transistor N2' is ON. Thus, when 5
a11 of the N-type transistors NO' -N2' are ON, the node SX1 is decreased to
the ground level, and a selection signal is output from the word line drive
inverter DRV1 to the reference cell word line RWL1, whereby the potential
of the reference cell word line RWLl rises. 10 In a test mode, i. e. , in
the case where a reference cell is manually and enforcedly accessed, the
test control signal STEN is 1 (high level). Thus, the N-type transistors NO
and NO' are OFF due to the operation of 15 the inverters CO and CO'.
Therefore, control cannot be exerted over reading of data regardless of the
states of the word line enabling ATD signal SPW, the normal word line
selection control signal SDM, and the redundant word line selection control
signal SDR. 20 In the test mode, the test reference word line 



selection signals SDO and SD1 transition according to the input address
signal ADD. When the test reference word line selection signal SDO is 1,
the N-type transistor N3   - 55  is turned ON so that the node SXO is
decreased to the ground level. Accordingly, a selection signal is output
from the word line drive inverter DRVO to the reference cell word line
RWLO, whereby the potential of the reference 5 cell word line RWLO rises.
Alternatively, when the test reference word line selection signal SDl is 1,
the N-type transistor N3' is turned ON so that the node SX1 is decreased to
the ground level. Accordingly, a selection signal is output from the word
line drive inverter DRV1 10 to the reference cell word line RWL1, whereby
the potential of the reference cell word line RWL1 rises. In the above
circuit example illustrated in Figure 3, the word line driver is an
inverter-type driver 15 where the P-type transistors PO and PO' are used as
high-resistance elements, but the present invention is not limited thereto.
The present invention can be implemented with a different type of word line
driver. For example, a latch-type word line driver of Figure 4, 20 which is
different from the inverter-type word line driver of Figure 3, may be
employed. Control of reference word line decoding with such a latch-type
word line driver will be described below with reference to Figure 4.   - 56



Figure 4 is a circuit diagram showing another specif is example (
latch-type word line driver ) of the reference word line control circuit
RREGU and the reference word line control circuit RREDU of Figure 2. 5 In
Figure 4, the upper part in the broken line box represents the reference
word line control circuit RREGU2 used for selection of normal word lines,
and the lower part in the broken line box represents the reference word 10
line control circuit RREDU2 used for selection of redundant word lines. The
reference word line control circuit RREGU2 used for selection of normal
word lines is formed by an 15 inverter CO , an AND logical circuit C1, an
NOR circuit C2 , P-type transistors PO and P1, N-type transistors NO-N4,
and a word line drive inverter DRVO. As in the reference word line control
20 circuit RREGU2, the reference word line control circuit RREDU2 used for
selection of redundant word lines is formed by an inverter CO' , an AND
logical circuit C1' , an NOR circuit C2',P-type transistors PO'and
Pl',N-type transistors NO'-N4', and a word line drive inverter DRV1.   - 57
When a11 of the N-type transistors N1-N3 ( or Nl' -N3' ) are ON and the
N-type transistor NO ( or NO' ) is OFF, or when only the N-type transistor
N4 (or N4') 5 is ON and the N-type transistor NO (or NO') is OFF, an input
node SXO ( or SX1 ) of the word line drive inverter DRVO ( or DRVl ) is
decreased to the ground level , and a node SYO ( or SY1 ) is increased to a
high voltage HWL level for word lines, so that the potential of the
reference cell word 10 line RWLO ( or RWL1 ) rises . Note that reference
marks in parentheses denote elements used when the reference word line
control circuit RREDU2 used for selection of redundant word lines is
activated. 15 Each of the reference word line control circuit RREGU2 used
for selection of normal word lines and the reference word line control
circuit RREDU2 used for selection of redundant word lines receives the node
voltage HWL for word lines, the test control signal STEN, 20 and the word
line enabling ATD signal SPW. The reference word line control circuit
RREGU2 used for selection of normal word lines further receives the test
reference word line selection signal SDO and the normal word line selection
control signal SDM. The reference word line   - 58  control circuit RREDU2
used for selection of redundant word lines further receives the test
reference word line selection signal SD1 and the redundant word line
selection control signal SDR. 5 In the above structure, the test control
signal STEN is zero (low level) when data is read from a memory cell . Due
to the AND logical circuit C1 ( or C1' ) , the N-type transistor N4 (or
N4') is OFF regardless of 10 the output state of the test reference word
line selection signal SDO (or SDO'). On the other hand, the N-type
transistors N1 and N1' are ON due to the operation of the inverters CO and
CO'. The word line enabling ATD signal SPW is at a high level ( supply
voltage level ) when 15 data is read from a memory cell, and therefore,
both the N-type transistors N2 and N2' are ON. 



When the memory array normal word line MWL is selected, the normal word
line selection control 20 signal SDM is at high level, and therefore, the
N-type transistor N3 is ON. Accordingly, the node SXO is decreased to the
ground level, and the P-type transistor PO is turned ON, whereby the node
SYO is increased to a high voltage HWL level for word lines, and the P-type
- 59  transistor P1 is turned OFF. Since the normal word line selection
control signal SDM is at high level, the N-type transistor NO is OFF due to
the operation of the NOR circuit C2 . Thus , the node SYO is not decreased
to the 5 ground level, and therefore, a through current is not produced. On
the other hand, when the node SXO is at the ground level, a selection
signal is output from the word line drive inverter DRVO to the reference
cell word line RWLO, whereby the potential of the reference cell 10 word
line RWLO rises. Alternatively, when the memory array redundant word line
ReWL is selected, the node SX1 is decreased to the ground level for the
same reason as described above, 15 and a selection signal is output from
the word line drive inverter DRV1 to the reference cell word line RWL1,
whereby the potential of the reference cell word line RWL1 rises. 20 In a
test mode, i . a . , in the case where the reference sell RCO (or RC1) is
manually and enforcedly accessed, the test control signal STEN is 1 (high
level). Thus, the N-type transistors N1 and N1' are OFF due to the
operation of the inverters CO and CO'. Therefore,   - 60  



control cannot be exerted over reading of data regardless of the output
states of the word line enabling ATD signal SPW, the normal word line
selection control signal SDM, and the redundant word line selection control
signal SDR. 5 In the test mode, the test reference word line selection
signals SDO and SD1 transition according to the input address signal ADD.
When the test reference word line selection signal SDO is 1, the N-type
transistor N4 10 is turned ON so that the node SXO is decreased to the
ground level. As a result, the P-type transistor PO is turned ON, and the
P-type transistor P1 is turned OFF for the same reason as described above.
In this case, since the test reference word line selection signal SDO is 1
(high 15 level ) , the N-type transistor NO is OFF due to the operation of
the AND logical circuit C1 and the NOR circuit C2. As a result of such a
series of operation, the potential of the reference cell word line RWLO
rises. Alternatively, when the test reference word line selection signal
SD1 20 is 1 (high level), the N-type transistor N4' is turned ON while the
N-type transistor NO' is turned OFF, and the P-type transistor PO' is
turned ON while the P-type transistor P1' is turned OFF. As a result, the
node SX1 is decreased to the ground level, and the potential of   - 61  the
reference word line RWL1 rises. It should be herein noted that , when the
latch-type word line driver of Figure 4 ~is used, it is necessary to 5
maintain the normal word line selection control signal SDM and the
redundant word line selection control signal SDR at the ground level during
test mode control (when the test control signal STEN is 1). Otherwise, the
test reference word line selection signals SDO and SDl may not 10 be
appropriately controlled. As a result, both the reference cell word lines
RWLO and RWL1 may be simultaneously selected. As a matter of course, it is
not necessary to provide a special arrangement so long as the circuitry is
designed such that both the normal 15 word line selection control signal
SDM and the redundant word line selection control signal SDR are at a low
level when the test control signal STEN is 1. As described above, the
circuitry including two 20 reference cell word lines RWLO and RWL1 can
readily be controlled with a simple circuit structure and without 



depending on the type of a word line driver. Further, even if the number of
reference cell word lines is 3 or more, a control circuit of the present
invention can be   - 62  implemented by extending the above-described
circuit structure example. The above-described circuit structures
illustrated in Figures 3 and 4 are merely examples of the present
invention. According to the 5 present invention, any circuit structure may
be employed so long as the above-described features of the circuit which
are necessary for implementing the present invention are provided. 10 Next,
the normal word line selection signal transition detection circuit XREGS
and the redundant word line selection signal transition detection circuit
XREDS of Figure 2, and a method of selecting among a memory array normal
word line ( or a memory array redundant word line ) 15 and a reference cell
word line for reading data from a memory cell, are described in detail with
reference to Figure 5. Figure 5 is a block diagram showing a primary part
20 of a memory array/reference array word line control circuit of the
non-volatile semiconductor storage device of Figure 2. Prior to description
of the normal word line   - 63  selection signal transition detection
circuit XREGS, an operation of selecting the memory array normal word 



line MWL is described in more detail. In the example illustrated in Figure
5, assume that the number of address 5 signal lines for selecting the
memory array normal word line MWL is n (where n is a natural number) . In
response to an address signal ADD, the normal word line predecoder XPDEC
transmits a normal word line selection signal SX to the normal word line
decoder XDEC through 10 a group of 2 normal word line selection signal
lines . The normal word line decoder XDEC raises the potential of a desired
main memory normal word line MWL based on the normal word line selection
signal SX. 15 When at least one of the 2 normal word line selection signal
lines transmitting the normal word line selection signal SX transitions to
a high voltage level, the normal word lineselectionsignal transition
detection circuit XREGS detects this transition so as to output the 20
normal word line selection control signal SDM to the reference word line
control circuit RREGU which is used for selecting normal word lines. The
normal word line selection control signal SDM indicates whether any one of
the memory array normal word lines MWL is selected.   - 64  In response to
this trigger signal SDM, the reference word line control circuit RREGU
raises the potential of the reference cell word line RWLO . The number of
signal lines , i (where i is a natural number), included in the signal 5
line group for transmitting the normal word line selection control signal
SDM may be smaller than the number of signal lines, 2, included in the
signal line group for transmitting the normal word line selection signal
SX. 10 In this embodiment , the normal word line selection control signal
SDM which indicates selection of the memory array normal word lines MWL is
input from the normal word line selection signal transition detection
circuit XREGS to the reference word line control circuit RREGU) whereby 15
the reference word line control circuit RREGU raises the potential of the
reference cell word line RWLO. However, the present invention is not
limited to such a structure. For example, without providing the normal word
line selection signal transition detection circuit XREGS, the 20 normal
word line selection signal SX may be directly input to the reference word
line control circuit RREGU through a signal line group including 2 signal
lines, whereby the reference word line control circuit RREGU raises the
potential of the reference cell word line RWLO.  



- 65  In the case where the reference cell word line RWLO is selected using
the normal word line selection signal transition detection circuit XREGS,
the signal line group 5 for transmitting the normal word line selection
signal SX may include only one signal line or a plurality of signal lines
in consideration of the structure and layout area of the reference word
line control circuit RREGU. As a matter of course, the number of signal
lines can be 10 considerably reduced when the normal word line selection
signal transition detection circuit XREGS is provided, as compared with
when the normal word line selection signal SX is directly input to the
reference word line control circuit RREGU through a signal line group 15
including 2" signal lines without providing the normal word lineselection
signal transition detection circuitXREGS. Prior to description of the
redundant word line selection signal transition detection circuit XREDS, an
20 operation of selecting the main memory redundant word line ReWL is
described in more detail. As shown in Figure 5, the address signal ADD used
for selection of word lines is also input to the redundant word line
predecoder XPRDEC. The redundant word line   - 66  predecoder XPRDEC
outputs a redundant word lineselection signal RX to the redundant word line
decoder XRDEC, and further outputs a redundancy determination signal MD,
which indicates whether or not a normal word line is to 5 be replaced with
a redundant word line, to the normal word line predecoder XPDEC. In the
example illustrated in Figure 5, assume that the number of signal lines
included in a signal line group for transmitting the redundant word line
selection signal RX is m (where m is a natural number) . 10 The number "m"
is equal to the number of redundant word 



lines. This signal line group is connected to the redundant word line
decoder XRDEC. The redundant word line decoder XRDEC raises the potential
of a desired memory array redundant word line ReWL based on the redundant
word 15 line selection signal RX transmitted through the above signal line
group. When at least one of the m signal lines for transmitting the
redundant word line selection signal RX 20 transitions to a high voltage
level, the redundant word line selection signal transition detection
circuit XREDS detects this transition so as to output the redundant word
line selection control signal SDR to the reference word line control
circuit RREDU which is used for selecting   - 67  redundant word lines. The
redundant word line selection control signal SDR indicates that any of the
memory array redundant word lines ReWL is selected. In response to this
trigger signal SDR, the reference word line control 5 circuit RREDU raises
the potential of the reference cell word line RWL1. The number of signal
lines, j (where j is a natural number), included in the signal line group
for transmitting the redundant word line selection control signal SDR may
be smaller than the number of signal lines , 10 m, included in the signal
line group for transmitting the redundant word line selection signal RX. In
this embodiment, the redundant word line selection control signal SDR which
indicates selection 15 of the memory array redundant word lines ReWL is
input from the redundant word line selection signal transition detection
circuit XREDS to the reference word line control circuit RREDU, whereby the
reference word line control circuit RREDU raises the potential of the
reference cell 20 word line RWL1. However, the present invention is not
limited to such a structure. For example, without providing the redundant
word line selection signal transition detection circuit XREDS, the
redundant word line selection signal RX may be directly input to the   - 68
reference word line control circuit RREDU through a signal 



line group including m signal lines , whereby the reference word line
control circuit RREDU raises the potential of the reference cell word line
RWL1. 5 In the case where the reference cell word line RWL1 is selected
using the redundant word line selection signal transition detection circuit
XREDS, the signal line group for transmitting the redundant word line
selection 10 signal RX may include only one signal line or a plurality of
signal lines in consideration of the structure and layout area of the
reference word line control circuit RREDU. As a matter of course, the
number of signal lines can be considerably reduced when the redundant word
line 15 selection signal transition detection circuit XREDS is provided, as
compared with when the redundant word line selection signal RX is directly
input to the reference word line control circuit RREDU through a signal
line group including m signal lines without providing the redundant 20 word
line selection signal transition detection circuit XREDS. As described
above, the normal word line selection signal transition detection circuit
XREGS detects a   - 69  transition of the normal word line selection signal
SX and then outputs the normal word line selection control signal SDM to
the reference word line control circuit RREGU which is used for selection
of normal word 5 lines. Thus, when the normal word line selection signal
transition detection circuit XREGS is provided, there is a concern that the
output timing of the normal word line selection control signal SDM is
delayed with respect to that of the normal word line selection signal SX,
and 



10 accordingly, a time difference is caused between the rising times of the
potential of the reference cell word line RWLO and the potential of the
memory array normal word line MWL. However, in an actual device, since a
large number of memory cells MCO are connected to the normal word lines,
the wire 15 capacitance (gate capacitance) of the normal word lines almost
dominates the rising transition of the potential. of the normal word lines.
Thus, a delay of the normal word line selection control signal SDM caused
by the normal word line selection signal transition detection 20 circuit
XREGS rarely causes a difference between rise timings of the potentials of
the reference cell word line RWLO and the memory array normal word line
MWL. As described above, the redundant word line   - 70  selection signal
transition detection circuit XREDS detects a transition of the redundant
word line selection signal RX and then outputs the redundant word line
selection control signal SDR to the reference word line 5 control circuit
RREDU which is used for selection of redundant word lines . Thus , when the
redundant word line selection signal transition detection circuit XREDS is
provided, the output timing of the redundant word line selection control
signal SDR is delayed with respect to 10 that of the redundant word line
selection signal RX. However, in this case also, due to the wire
capacitance of the redundant word lines and the memory cells MC1, a delay
of the redundant word line selection control 



signal SDR caused by the redundant word line selection 15 signal transition
detection circuit XREDS rarely causes a difference between rise timings of
the potentials of the reference cell word line RWL1 and the memory array
redundant word line ReWL. 20 An operation of the above structure is now
described. Specifically, a data read operation performed when a
non-redundant normal word line MWL is selected is described with reference
to the timing chart of Figure 6.   - 71  In Figure 6, the horizontal axis
represents time ( t0 to t6 ) , and the vertical axis represents the voltage
level of each signal. Figure 6 shows, from the top to the bottom of Figure
6, supply voltage VCC; the node 5 voltage HWL for word lines; a chip
enabling signal CE# which is a control signal for activating the storage
device; an output enabling signal OE# which is a control signal for
permitting data output; the word line enable ATD signal SPW which is output
from an address transition 10 detention circuit ATD; the normal word line
selection control signal SDM; the redundant word line selection control
signal SDR; the potential of the reference cell word line RWLO; the
potential of the reference cell word line RWL1; the normal word line
selection signal SX; the 15 potential of the memory array normal word line
MWL; and the potential of the memory array redundant word line ReWL . When
both the chip enabling signal CE# and the output enabling signal OE# are at
the ground level, a data read operation can be performed. 20 Referring to
Figure 6, after the storage device 30 is powered on at time t0, the node
voltage HWL for word lines, which is used for reading of data, begins to
rise at time t1.   - 72  At time t2 which occurs immediately after the
storage device 30 is powered on, the non-volatile semiconductor storage
device 30, such as a flash EEPROM, 5 is in a data readable state. That is,
in this state, data can be read out from the storage device 30 by
decreasing the chip enabling signal CE# to the ground level. 



Then, at time t3, the word line enable ATD 10 signal SPW rises in response
to falling of the chip enabling signal CE#. In response to the rising of
the word line enable ATD signal SPW, the normal word line predecoder XPDEC
raises the normal word line selection signal SX and outputs this raised
signal SX to the normal 15 word line decoder XDEC and the normal word line
selection signal transition detection circuit XREGS. At time t4, in
response to the rising of the normal word line selection signal SX, the
normal word line 20 decoder XDEC begins to raise the potential of the
predetermined memory array normal word line MWL. On the other hand, the
normal word line selection signal transition detection circuit XREGS
detects a   - 73  transition of the normal word line selection signal SX
(high level voltage), and then outputs the normal word line selection
control signal SDM to the reference word line control circuit RREGU which
is used for selection 5 of normal word lines. The reference word line
control circuit RREGU detects that the normal word line selection control
signal SDM reaches the supply voltage level, and begins to raise the
potential of a predetermined reference cell word line RWLO. As described
above, the operation 10 time of the normal word line selection signal
transition detection circuit XREGS is compensated for by the wire
capacitance of the word lines to some extent , and therefore , the rise
timing of the predetermined potential of the reference cell word line RWLO
and the rise timing of the 15 predetermined memory array normal word line
MWL occur at substantially the same time. After a while, reading of data is
completed, and then, the word line enable ATD signal SPW falls to a low 20
level at time t5. As a result, both the reference cell word line RWLO and
the potential of the predetermined memory array normal word line MWL falls
to the ground level at time t6.   - 74  In this way, the potential of the
reference cell word line RWLO is raised in response to a trigger signal,
i.e., the normal word line selection signal SX which is used for selecting
the memory array normal word line MWL 5 or the normal word line selection
control signal SDM which indicates selection of the memory array normal
word lines MWL, whereby a difference in the rise timings of both the
potential of the reference cell word line RWLO and the potential of the
memory array normal word line MWL 10 can be eliminated as much as possible
to a negligible level, while the load capacitances of the reference cell
word line RWLO and the memory array normal word line MWL become equal to
each other. Thus, the possibility that the sense amplifier S/A commits
erroneous reading is considerably 15 reduced even at the start of a data
read operation. 



Furthermore, if the possibility of erroneous reading is considerably
reduced, the timing of the start of a data read operation occurs earlier,
and as a result, the data read speed can be further increased without
causing 20 erroneous reading of data. Next, a data read operation performed
when a redundant word line is selected is described with reference to the
timing chart of Figure 7 . In Figure 7 , a redundancy   - 75  determination
signal MD and a redundant word line selection signal RX are considered in
addition to the various signals described above, and a redundant word line
is considered in place of the memory array normal word 5 line MWL. The
operation from time t0 through time t3 is totally the same as that
described in Figure 6, and therefore, the description thereof is herein
omitted. The following description begins with time t4. 10 After a while
since the word line enable ATD signal SPW has risen, the normal word line
selection signal SX rises to the supply voltage level at time t4. The
normal word lineselectionsignaltransition detection circuit XREGS detects
the transition of the normal word 15 line selection signal SX (high level
voltage) so as to raise the normal word line selection control signal SDM.
In response to this operation, both the reference cell word line RWLO and
the memory array normal word line MWL begin to rise. 20 However,
immediately after that, the redundancy determination signal MD is output
from the redundant word line predecoder XPRDEC to the normal word line
predecoder XPDEC at time t4. Both the normal word line  



- 76  selection signal SX and the normal word line selection control signal
SDM which indicates selection of a normal word line decrease to a low level
. As a result , the reference cell word line RWLO and the potential of the
5 memory array normal word line MWL transition to the ground level. In this
way, in response to the issuance of the redundancy determination signal MD,
the redundant word 10 line predecoder XPRDEC outputs the redundant word
line selection signal RX to the redundant word line decoder XRDEC and the
redundant word line selection signal transition detection circuit XREDS. 15
Then, the redundant word line selection signal transition detection circuit
XREDS detects a transition of the redundant word line selection signal RX
(high level voltage) and outputs the redundant word line selection control
signal SDR to the reference word line control 20 circuit RREDU. At time t5,
the reference word line control circuit RREDU begins to raise the potential
of the reference cell word line RWL1 in response to the rising   _ 77 _ of
the redundant word line selection control signal SDR. At the same time, the
redundant word line decoder XRDEC begins to raise the potential of the
predetermined memory array redundant word line ReWL in response to the
rising 5 of the redundant word line selection signal RX. In this example,
after the potential of the memory array normal word line MWL began to rise,
the memory array 



normal word line MWL is canceled and switched to the 10 predetermined
memory array redundant word line ReWL. This is because, as described above,
the normal word line predecoder XPDEC undesirably issues the normal word
line selection signal SX while the redundant word line predecoder XPRDEC is
considering whether the 15 predetermined memory array normal word line MWL
is switched to the predetermined memory array redundant word line ReWL
based on the address signal ADD, and accordingly, a certain length of time
is required for canceling the normal word line selection signal SX by the
redundancy 20 determination signal MD. After a while, reading of data is
completed, and then, the word line enable ATD signal SPW falls to a low
level at time t6. In response to the falling of the word   _ 78 _ line
enable ATD signal SPW, both the reference cell word line RWL1 and the
memory array redundant word line ReWL fall to the ground level at time t7.
5 As described above in conjunction with the conventional art, in a
conventional memory device, when it is necessary to replace the
predetermined memory array normal word line MWL selected based on an input
address signal with the memory array redundant word line ReWL, 10 the
normal word line selection signal SX is generally canceled after a
redundancy determination process is completed, and thereafter, selection of
redundant word lines is performed. Thus, the rise timing of the potential
of the memory array redundant word line ReWL is inevitably 15 delayed with
respect to the rise timing of the potential of the predetermined memory
array normal word line MWL. Therefore, in the case of using a conventional
reference word line control method, a considerable time difference is
produced between the rise timing of the potential of 20 the reference cell
word line RWL and the rise timing of the potential of the memory array
redundant word line ReWL . According to the present invention, however, a
delay time produced by replacement of the memory array   _ 79 _ normal word
line MWL with the memory array redundant word line ReWL is compensated for
by performing similar replacement in the reference array RA among a
plurality of reference cell word lines RWL (in the above example, 



5 two reference cell word lines RWLO and RWLl) . That is, a selection
determination section formed by the normal word line predecoder XPDEC and
the redundant word line predecoder XPRDEC determines which of the memory
array normal word line MWL and the memory array redundant word 10 line ReWL
is to be selected based on address information. After the determination,
the normal word line decoder XDEC (or the redundant word line decoder
XRDEC) selects the memory array normal word line MWL (or the memory array
redundant word line ReWL), and at the same time, the 15 reference word line
control circuit RREGU which is used for selection of normal word lines (or
the reference word line control circuit RREDU which is used for selection
of redundant word lines ) selects the reference cell word lines RWLO (or
RWL1). Thus, even when the memory array 20 redundant word line ReWL is
selected, the data read time can be reduced without deteriorating the
sensing ability of the sense amplifier S/A. As described above, according
to this embodiment   - 80  of the present invention, the potential of the
reference cell word lines RWLO ( or RWLl ) and the potential of the memory
array normal ward line MWL (or the memory array redundant word line ReWL)
are raised in a synchronous 5 manner. Thus, even if the sensing timing of
the sense amplifier S/A is set to occur prior to the rise timing of the
word lines by the address transition detection circuit ATD, high speed
reading of data can be achieved withoutcausing an erroneousoperation.
Furthermore, due 10 to such an arrangement, a considerable sensing margin
can be obtained for achieving secure data reading. Although not
specifically described in the above embodiment, a semiconductor storage
device of this 15 embodiment can be readily incorporated in an information
apparatus, represented by a cellular telephone terminal or a PDA (personal
digital assistant), and in such an information apparatus, a high-speed data
reading effect of the present invention can be obtained. For example, 20 in
the case of a cellular telephone terminal, character information and image
information used in an e-mail system, or the like, can be
transmitted/received as well as sound information. These information are
stored in a 



non-volatilesemiconductor storage device,such asa flash   - 81  memory, and
moreover, the amount of such information to be processed has been
increasing along with the development of functions of cellular telephone
terminals. Accordingly, there is a growing demand for further J 5
increasing the speed of processing such information. Specifically, for
example, a reduction of the time required for reading data to be
compressed/decompressed for transmission, a reduction of the time required
for reading control codes, such as a program used for such data 10
compression/decompression, a reduction of the time required for executing
the data compression/decompression, or the like, have been demanded. A
semiconductor storage device of the present invention can be readily
incorporated in an information and control code storage section, and 15
satisfy the above-described demands for high-speed information processing.
For example, consider an information apparatus 40 having a structure shown
in Figure 18, such as a cellular 20 telephone terminal. The information
apparatus 40 includes : an information and control code storage section; a
manipulation input section, such as manipulation keys or the like; a
display section for displaying an initial image, results of information
processing, or the like,   - 82  such as a liquid crystal display device; a
transmission/reception section for transmitting/receiving information; and
a CPU (central processing unit) for performing read/write processing 5
(memory operation) on the information and control code 



storage section in response to an input manipulation instruction from the
manipulation input section based on a predetermined information processing
program and relevant data when certain information is transmitted or 10
received, while performing various information processing. A semiconductor
storage device of the present invention can readily be employed as the
information and control code storage section, and in such a case, a
high-speed data read effect of the present invention can be achieved 15 in
the information apparatus 40. As described above, according to the present
invention, the potential of a word line of a reference cell and the
potential of a word line of a memory cell 20 from which data is to be read
out are raised in a synchronous manner. Even when reading of data is
started before the potential of an intended word line reaches a
predetermined voltage as in a conventional device, the data read speed can
be increased without causing an erroneous operation.   - 83  Further, due
to such an improvement of the data read speed) a considerable sensing
margin can be obtained for achieving secure data reading. 5 Furthermore, a
first word line (or a second word line) of a reference array and a normal
word line (or a redundant word line ) of a memory array have the same load
capacitance . Thus , the rise timings of these word lines are also the
same, and as a result, the read access time 10 can be further reduced
without causing an erroneous operation. Further still, a semiconductor
storage device of the present invention can be readily employed in an 15
information apparatus, and in such a case, a high-speed data read effect of
the present invention can be achieved in a data read operation of the
information apparatus. Various other modifications will be apparent to 20
and can be readily made by those skilled in the art without departing from
the scope and spirit of this invention. Accordingly, it is not intended
that the scope of the claims appended hereto be limited to the description
as set forth herein, but rather that the claims be broadly construed.   -
84  WHAT IS CLAIMED IS: 



1. A semiconductor storage device, comprising: a memory array including a
plurality of memory cells; a reference array including a plurality of
reference cells ; a decoder section for selecting a memory cell from the
memory cells and a reference cell from the reference cells based on address
information; and a comparison/output section for comparing a read voltage
level from the memory cell selected by the decoder section and a read
voltage level from the reference cell selected by the decoder section so as
to output a result of the comparison in the form of data, wherein the
decoder section simultaneously outputs a selection signal to a word line of
the memory cell and a selection signal to a word line of the reference
cell. 2. A semiconductor storage device according to claim 1, wherein: the
memory array includes one or more memory cells respectively connected to a
normal word line, and one or   - 85  more memory cells respectively
connected to a redundant word line; and the reference array includes a
first reference cell 



which is compared with the memory cells connected to the normal word line)
and a second reference cell which is compared with the memory cells
connected to the redundant word line. 3. A semiconductor storage device
according to claim 2, wherein: when the normal ward line is selected, the
decoder section selects a first word line connected to the first reference
cell simultaneously with selection of the normal word line; and when the
redundant word line is selected, the decoder section selects a second word
line connected to the second reference cell simultaneously with selection
of the redundant word line. 4. A semiconductor storage device according to
claim 3, wherein the decoder section includes: a selection
determinationsection for determining which of the normal word line and the
redundant word line is to be selected based on address information;   - 86
a normal word line control section for selecting the normal word line
according to the address information when it is determined that the normal
word line is to be selected; 



a redundant word line control section for selecting the redundant word line
according to the address information when it is determined that the
redundant word line is to be selected; a first reference word line control
section for selecting the first word line when it is determined that the
normal word line is to be selected; and a second reference word line
control section for selecting the second word line when it is determined
that the redundant word line is to be selected. 5. A semiconductor storage
device according to claim 4, wherein: when it is determined that the normal
word line is to be selected, the first reference word line control section
receives a selection signal for the normal word line or a signal indicating
that the normal word line is to be selected, and selects the first word
line, using as a trigger, the selection signal for the normal word line or
the signal indicating that the normal word line   _ 87 _ is to be selected;
and when it is determined that the redundant word line is to be selected,
the second reference word line control section receives a selection signal
for the redundant word line or a signal indicating that the redundant word
line is to be selected, and selects the second word line, using as a
trigger, the selection signal for the redundant word line or the signal
indicating that the redundant word line is to be selected. 6. A
semiconductor storage device according to claim 4, wherein: a first test
signal can be input to the first reference word line control section, and
the first reference cell is enforcedly selected in response to the 



first test signal; and a second test signal can be input to the second
reference word line control section, and the second reference cell is
enforcedly selected in response to the second test signal. 7. A
semiconductor storage device according to claim 4, wherein: an address
transition detection signal, which is   - 88  output in response to
detection of a change in the address information, can be input to both the
first reference word line control section and the second reference word
line control section; and when the address transition detection signal is
input, control of reference word lines can be performed. 8. A semiconductor
storage device according to claim 2, wherein the first reference cell and
the second reference cell are set to the same threshold value. 9. A
semiconductor storage device according to claim 2, wherein the first
reference cell and the second reference cell are commonly connected to the
same bit line. 10. A semiconductor storage device according to claim 2,
wherein the load capacitance of a first word line connected to the first
reference cell and the load capacitance of a second word line connected to
the second reference cell are equal to the load capacitance of the normal
word line and the load capacitance of the redundant word line,
respectively.   _ 89 _ 11. A semiconductor storage device according to
claim 3, wherein the first reference cell and the second reference cell are
set to the same threshold value. 12. A semiconductor storage device
according to claim 3, wherein the first reference cell and the second
reference cell are commonly connected to the same bit line. 



13. A semiconductor storage device according to claim 3, wherein the load
capacitance of the first word line connected to the first reference cell
and the load capacitance of the second word line connected to the second
reference cell are equal to the load capacitance of the normal word line
and the load capacitance of the redundant word line, respectively. 14. An
information apparatus for performing a data read operation using the
semiconductorstorage device according to claim 1.
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